A new scheme for molecular tagging velocimetry in unseeded air ows is presented. The method, called air photolysis and recombination tracking, is based on the photoinduced formation of nitric oxide (NO) in the waist region of a focused ArF excimer laser beam. The distribution of the formed NO molecules is imaged by planar laser-induced uorescence in the°band, using a frequency-doubled dye laser beam. The role of N + 2 ions in the NO formation process is discussed, and the lifetime of the NO molecules was determined to be at least 10 ms. The new method has been applied to a laminar and a pulsed air ow and a premixed methane/air ame. Velocities could be determined with an accuracy of 5% in the air ows (on a single-shot basis) and 13% in the ame. By the use of averaging over many laser pulses, velocities as low as 1 cm/s could be measured.
Introduction

I
N molecular tagging velocimetry (MTV), 1¡3 a pulsed laser is used to write a pattern in a ow eld. After a time delay the pattern, which has been altered by the ow eld, is read back. From the displacement and the deformation of the pattern, a map of velocity vectors can be determined. The information obtained with MTV is comparable to that obtained with particle-based techniques such as particle imaging velocimetry (PIV). However, problems related to the use of tracer particles, such as particle lag, disturbance of the ow eld, etc., do not occur with MTV.
Several techniques that can be used for molecular ow tagging in gas ows have recently been developed.Techniques based on the photodissociation of NO 2 (Ref. 1) or tert-butyl nitrite (Ref. 2) to form nitric oxide (NO) or the photoexcitation of biacetyl (Ref.
3) demand homogeneous molecular seeding of the ow. The written pattern is read by means of laser-induced uorescence (LIF) of NO or laser-inducedphosphorescenceof biacetyl, respectively.The application of these methods is limited to closed ow systems, because the additives are toxic or at least irritant. (Biacetyl has a very irritant smell.) Furthermore, biacetyl phosphorescence is strongly quenched by oxygen, and therefore, this method can be used only in the absence of oxygen.
For the investigation of turbulent freejets, a method that does not demand the addition of seed molecules or particles would be preferable. For this purpose,we need a method with the following features: Complicatedpatterns can be written with a singlewrite pulse and the read process can be performed with a single read pulse with delays between both pulses in the order of relevant timescales of the ow. Therefore, it is very important to nd a technique with large signal intensities and a long lifetime of the tagged molecules. Known techniques suitable for unseeded air ows are Raman-excitation and laser-induced electronic uorescence (RELIEF) 4 We have introduced a new method for MTV in unseeded air ows that is based on the photosynthesisof NO (Ref. 7): air photolysisand recombination tracking (APART). In this paper new information on the mechanism of the NO formation is presented, and the lifetime of the tagged molecules is determined. Applications of APART to a laminar and a pulsed air ow are shown. Finally, the applicability of APART in reactive ows is investigated.
Experiments
APART is based on the photosynthesis of NO. The beam of a broadband ArF excimer laser (3-Physik, CompeX 350T, used in ampli er-only mode;¸D 193 nm, pulse length 20 ns, and repetition rate 10 Hz) with a pulse energy of about 40 mJ/pulse was focused in air by an f D 100 mm spherical lens, leading to the formation of NO in the waist region by recombining the atoms in the main air constituents O 2 and N 2 . The waist of the focused excimer beam was »0.18 mm, resulting in a laser irradiance of about 16 W/mm 2 . A detailed description of APART has been published elsewhere.
7
Optical breakdown should be avoided because it spoils the nonintrusive nature of the technique and no detectable amounts of NO are found after breakdown. A Nd:YAG (Continuum PowerLite 9010; D 355 nm and pulse length 5 ns) pumped dye laser (3-Physik, ScanMate 3, operated on Coumarin 2) was frequency doubled to obtain radiation with a wavelength of 226 nm. The 226-nm beam was used to excite the A.v 0 D 0/ Ã X .v 00 D 0/ system of NO. LIF emission from the A state was detected with an intensi ed chargecoupled device (CCD) camera.
In the tagging experiments, the dye laser beam was aligned anticollinearly to the excimer beam, perpendicular to the ow direction, and focused into a sheet (in the plane spanned by both laser beams and the ow direction) with a thickness of about 0.2 mm and a height of 10 mm by a cylindrical lens ( f D 300 mm). In Fig. 1 , a schematic of the tagging setup is shown. At t D 0, NO molecules are formed in the waist region of the pulsed ArF excimer laser beam. After delay time 1t , the NO distribution is imaged by planar laser-induced uorescence with a dye laser sheet. The wavelength of the dye laser was xed to the Q 1 (14) ¡ Q 2 (21) coincidence at 225.95 nm (indicated with an asterisk in Fig. 2 ) in the A.v 0 D 0/ Ã X .v 00 D 0/ system of NO. LIF emission from the A state was detected. A 226-nm, 0-deg mirror (Laser Optik) was used to suppress light with the laser wavelength. The ow area was imaged onto an intensi ed CCD camera (Princeton Instruments, ICCD-576G/RB-E) through a Nikon /4.5 105-mm UV objective. The resolutionof the imaging system with 4 £ 4 binning on the CCD chip was 38 £ 38 ¹m 2 per pixel. This corresponds to a eld of view of 5.5 £ 3.6 mm 2 .
